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Abstract
We studied the effects of applying different composts (urban organic waste, green waste, manure and
sewage sludge), mineral fertilizer and compost plus mineral fertilizer on chemical, biological and soil
microbiological parameters over a 12-year period. The organic C and total N levels in soils were
increased by all compost and compost + N treatments. Microbial biomass C was signiﬁcantly
(P £ 0.05) increased for some compost treatments. In addition, basal respiration and the metabolic
quotient (qCO2) were signiﬁcantly higher in all soils that had received sewage sludge compost. The
Shannon diversity index (H), based on community level physiological proﬁling, showed a higher con-
sumption of carbon sources in soils treated with compost and compost + N compared with the con-
trol. The utilization of different guilds of carbon sources varied amongst the treatments (compost,
compost + N or mineral fertilizer). Cluster analysis of polymerase chain reaction-denaturing gradient
gel electrophoresis patterns showed two major clusters, the ﬁrst containing the mineral fertilization
and compost treatments, and the second, the composts + N treatments. No differences in bacterial
community structure could be determined between the different types of compost. However, the results
suggest that long-term compost treatments do have effects on the soil biota. The results indicate that
the effects on the qCO2 may be due to shifts in community composition. In this study, it was not poss-
ible to distinguish with certainty between the effects of different composts except for compost derived
from sewage sludge.
Keywords: Compost, microbial activity, polymerase chain reaction-denaturing gradient gel electro-
phoresis, community level physiological proﬁles
Introduction
Soils containing <2% organic matter beneﬁt from manage-
ment strategies designed to increase organic matter. Organic
matter plays a central role in maintaining key soil functions
and is an essential determinant of soil fertility and resistance
to erosion. The build-up of organic matter in soils is a slow
process, much slower than its decline. Accumulation of
organic matter is enhanced by such farm management techni-
ques as conservation tillage including zero tillage, organic
farming, maintenance of permanent grassland and cover
crops, mulching, manuring with green legumes, application
of farmyard manure and compost, strip cropping and con-
tour farming (Lal, 2005; Roldan et al., 2005). These tech-
niques have also proved effective in reducing erosion,
increasing fertility and enhancing soil biodiversity. Among
these various techniques, the transformation of organic
wastes (sewage sludge, green waste, industrial and organic
waste, animal manure) to compost is becoming increasingly
popular across Europe, thus reducing the use of artiﬁcial fer-
tilizers, and the amounts of waste added to landﬁll sites.
Compost is considered to be an environmentally safe, agro-
nomically advantageous, and relatively cheap organic amend-
ment which stimulates soil microbial activity and crop
growth (Garcia et al., 1994; Pascual et al., 1997; Van-Camp
et al., 2004).
Microorganisms, mainly bacteria and fungi, play crucial
roles in making nutrients available to plants. Many microbial
processes are essential for the long-term sustainability of
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microbial community can thus be used to indicate alteration
in soil quality (Nielsen & Winding, 2002; Breure, 2005).
Several parameters have been proposed to assess soil quality,
which were mostly based on microbial pools and activities.
These parameters range from single ones, such as biomass C
(Nannipieri et al., 1990), respiration, speciﬁc enzyme activity
quotients (Barriuso et al., 1988) such as the metabolic quo-
tient (qCO2) described by Anderson & Domsch (1993) and
integrative indices (Beck, 1984; Trasar-Cepeda et al., 1998;
Nannipieri et al., 2002; Kang et al., 2005). Nevertheless, indi-
vidual parameters or indices have merits and weaknesses and
no one is equally well suited to all applications. Thus, there
are advantages in adopting multi-parameter approaches.
Microbial indicators of soil quality include a diverse set of
parameters at the ecosystem, community and population lev-
els. Chemical properties such as organic C and N contents
are often regarded as basic measures although they are not
usually very sensitive indicators. Biological properties such as
microbial biomass (Anderson & Domsch, 1978) and soil
respiration (Heinemeyer et al., 1989) are robust bulk para-
meters (Insam, 2001). Biochemical parameters like commu-
nity level physiological proﬁles (CLPPs; measured by
Biolog  plates) (Garland & Mills, 1991), and phospholipid
fatty acids (e.g. Pennanen, 2001) can be used to investigate
potential functional diversity and composition, respectively,
of the microbial community. DNA ﬁngerprinting techniques
including denaturing gradient gel electrophoresis (DGGE)
can be used to follow changes in microbial populations
(Muyzer et al., 1993).
This study was carried out using a crop-rotation experi-
ment to determine the extent to which the long-term
(12 year) application of different composts, composts plus
nitrogen fertilizer, and mineral fertilizer affect soil microbial
properties.
Materials and methods
Experimental design
A crop rotation (maize, summer-wheat and winter-barley)
ﬁeld experiment was started in 1991 near Linz, Austria. The
soil was a loamy silt (17.4% clay, 69% silt, 13.6% sand) with
ap H H2O of 6.8. The soil contained 1.9% organic matter, and
260 and 300 mg kg
)1 available P and K, respectively. The
experiment used 40 randomly distributed plots (10 m · 3m )
each bordered by metal sheets. Treatments were added annu-
ally in the spring as follows:
1. Soil without fertilization (control),
2. Compost amendment corresponding to 175 kg N ha
)1
• Urban organic waste compost from domestic organic
waste (OWC)
• Green waste compost (GC) from leaf falls, tree prunings,
garden clippings, and other bulky cellulose and lignin-rich
materials
• Cattle manure compost (MC) containing straw bedding
impregnated with liquid and solid manure
• Sewage sludge compost (SSC) from anaerobically stabil-
ized sewage sludge produced by a municipal waste water
treatment plant with wood chips and bark as added bulk-
ing agents
3. Composts + N treatments: 175 kg N ha
)1 from compost
plus 80 kg N (NH4NO3)h a
)1 (OWC + 80; GC + 80;
MC + 80; SSC + 80)
4. Mineral fertilization treatments corresponding to
80 kg N (NH4NO3)h a
)1 (80).
The main characteristics of the composts are given in
Table 1. Composting was carried out in heaps with peri-
odic turning. The total heavy metal content met Austrian
legislation for Class A+ composts (best category,
Kompostverordnung, 2002), except for the sewage sludge
Table 1 Chemical properties of the com-
posts
Compost
Urban organic
waste compost
Green
compost
Manure
compost
Sewage sludge
compost
Organic matter (g kg
)1) 330 (42) 350 (29) 270 (35) 470 (38)
Total nitrogen (g kg
)1) 12 (1.8) 16 (0.6) 13 (0.7) 22 (2.0)
C/N 16 (0.1) 13 (0.1) 10 (0.1) 12 (0.1)
P2O5 (g kg
)1) 27 (1.3) 14 (1.0) 12 (0.8) 19 (1.6)
K2O( gk g
)1) 6 (0.5) 13 (0.5) 13 (0.2) 32 (0.9)
Cu (mg kg
)1) 70 (1.5) 38 (1.3) 41 (1.4) 168 (1.0)
Zn (mg kg
)1) 277 (4.5) 163 (3.8) 213 (2.8) 630 (4.3)
Ni (mg kg
)1) 21 (1.3) 22 (1.0) 19 (0.5) 36 (0.8)
Cr (mg kg
)1) 32 (1.2) 28 (0.6) 15 (0.5) 40 (1.3)
Pb (mg kg
)1) 75 (2.8) 28 (2.2) 13 (1.8) 70 (2.4)
Cd (mg kg
)1) 0.56 (0.02) 0.34 (0.01) 0.20 (0.01) 0.89 (0.01)
Hg (mg kg
)1) 0.24 (0.01) 0.15 (0.009) 0.07 (0.009) 0.85 (0.1)
Numbers in parentheses are standard deviations. Data are on a dry mass basis and an aver-
age of chemical properties obtained over 12 years for each compost.
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given in Table 2.
According to local practice, a one-off application of a
large amount of compost was chosen in contrast to repeated
applications of small amounts (Canali et al., 2004; Kang
et al., 2005; Mantovi et al., 2005). As the composts were all
mature, little immediate availability of nutrients was antici-
pated; according to Amlinger et al. (2003), about 15% of the
compost N is available during the ﬁrst year after application.
According to the Austrian Water Act, 175 kg Nha
)1 is the
maximum annual application rate. Soils from the ﬁeld
experiment were sampled in May 2003 prior to cropping and
the addition of the annual amendments. Ten random soil
cores (20 cm depth, 6 cm diameter) were taken from each
plot (four replicate plots for each treatment), bulked and
sieved (<2 mm). The samples were then analysed immedi-
ately.
Chemical analysis
pH was measured from an aqueous extract (1/5 w/v). Total
organic carbon (Corg) was measured by dry combustion
(Insam, 1996). Total N was measured by the Kjeldahl
method and total P, total K and heavy metals by atomic
absorption spectroscopy after wet acid digestion of samples
(O ¨ NORM L 1085).
Microbial activity and biomass carbon
Basal respiration was measured as CO2 evolution from moist
(60% WHC) soil samples at 22  C using a continuous ﬂow
infrared gas analysis system (Heinemeyer et al., 1989).
Microbial biomass carbon (Cmic) was determined by sub-
strate-induced respiration (SIR) (Anderson & Domsch, 1978)
after the addition of 1% glucose.
Community level physiological proﬁles
Community level physiological proﬁles were determined by
the use of Biolog  GN plates (Bochner, 1989) containing
95 different C sources and a control water well. To obtain
the bacterial suspension, the extraction method of Insam &
Goberna (2004) was followed: 2 g of soil and 30 glass beads
were mixed with 20 mL 0.90% NaCl and shaken at 4  C for
1 h at 12 000 g to separate bacteria from solid particles. The
suspension was allowed to settle for 1 h. The supernatant
was used for further dilutions with sterile one-fourth strength
Ringer solution so as to standardize the inoculum density.
Dilution factors were determined according to microbial bio-
mass carbon data as suggested by Riddech et al. (2002).
Each well of the GN plate was inoculated with 130 lLo f
suspension and incubated at 28  C in the dark. Optical den-
sity (OD592) was measured every 12 h for 7 d using an auto-
mated plate reader (SLT SPECTRA, Gro ¨ dig, Austria).
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DNA extraction from the bulk soil was performed using the
Fast DNA Spin Kit for soil (BIO 101, USA). Soil 16S rDNA
was ampliﬁed in a polymerase chain reaction (PCR) thermo-
cycler (PCR Express, ThermoHybaid) using the universal
bacterial primers F338 (5
¢GC-clamp ACTCCTACGG-
GAGGCAGCAG3
¢) (Muyzer et al., 1993) and Com2r
(5
¢CCGTCAATTCCTTTGAGTTT3
¢) (Schwieger & Tebbe,
1998). Products of approximately 570 bp were obtained.
Each PCR mixture contained 2 lL of extracted DNA diluted
1:50 as template, 0.2 lM of each primer, 0.04 U lL
)1
Bio Therm
TM DNA Polymerase (Gene Craft, Mu ¨ nster,
Germany), 1X DNA polymerase buffer, Bovine serum albu-
min (BSA) 10 lgm L
)1,2 0m M tetramethylammonium chlor-
ide (TMA), and 0.2 lmol of each of the dNTPs and 3 mM
MgCl2 in a ﬁnal volume of 50 lL. The PCR program inclu-
ded an initial 5-min denaturation at 94  C and was followed
by 30 cycles of 1 min at 95  C, 1 min at 56  C and 1 min
72  C. Thermal cycling was completed with an extension step
at 72  C for 5 min. Products were checked by electrophoresis
in 1.5% (w/v) agarose gels and ethidium bromide stain-
ing (10 mg mL
)1). PCR products were puriﬁed using the
GenElute
TM PCR Clean up Kit (Sigma, Germany).
Denaturing gradient gel electrophoresis was performed
with the Bio-Rad DCode System. Two microlitres of a PCR
product were loaded onto polyacrylamide gels with a dena-
turing gradient of 40% [7%(w/v) acrylamide–bisacrylamide
(37.5:1), 2.55 m urea, 14.68% formamide] to 70% [7%(w/v)
acrylamide–bisacrylamide (37.5:1), 3.57 m urea, 20.56%
formamide] with 1X Tris–acetate EDTA (EDTA) buffer.
Gels were run at 60  C and 60 V for 16 h. After silver stain-
ing of the gels (Sanguinetti et al., 1994) using an automated
gel stainer (Amersham Pharmacia Biotech, Germany), gels
were air dried and scanned.
Statistical analysis
All analyses were made in quadruplicate. One-way analysis
of variance (ANOVA) followed by Tukey’s signiﬁcant differ-
ence as a post hoc test (Tukey, 1957) was used for different
parameters.
The inoculum density for CLPPs was high enough to give
a reading after 48 h. Such an early reading avoids biases
towards community members that are better suited for
growth in the microtiter plate wells than others. The data
were used for calculating Shannon’s diversity index (H),
diversity based on the utilization of different guilds of carbon
sources and the substrate evenness (E) (Shannon & Weaver,
1963). Shannon’s index accounts for both abundance
and evenness of the species present using the equation
H ¼ )
P
pi(l npi) where pi is the ratio of the corrected
absorbance value of each well to the sum of the absorbance
values of all the wells. Evenness can be calculated by
dividing H by Hmax (Hmax ¼ ln S). S (substrate richness) is
the number of different substrates used by the community
(positive readings).
Scanned DGGE gels were normalized and analysed using
GelCompar (version 4 Applied Maths, Ghent, Belgium). The
similarity matrices for the DGGE proﬁles were based on
Pearson’s correlation coefﬁcient directly applied to the array
of densitometry values forming the ﬁngerprint, using opti-
mized search criteria determined in GelCompar (0% optimi-
zation, 0.72% position tolerance, 0.50% minimum height).
Dendrograms were created using the Ward method (Ward,
1963).
Results
Chemical and biological parameters
The long-term addition of composts and mineral fertilizer
caused changes in certain bulk soil chemical and biological
properties (Tables 3 and 4). Compared with the control and
mineral fertilizer (80) soils, Corg and total N were higher in
composts and composts + N soils. Signiﬁcantly (P £ 0.05)
higher values when compared with the control were found
for Corg in OWC, GC, SSC and SSC + 80 soils, and for
total N in OWC soil. The C/N ratio was signiﬁcantly
(P £ 0.05) higher in SSC soils compared with the control soil
(Table 3).
Microbial biomass C (Cmic), basal respiration, Cmic/Corg
ratio, and the qCO2 are summarized in Table 4. A signiﬁcant
(P £ 0.05) increase in Cmic was found for OWC, GC, and for
all compost + N plots (Table 4) compared with the control
soil. For basal respiration SSC and SSC + 80 were signiﬁ-
cantly (P £ 0.05) higher than for the control and all other
treatments. The qCO2 was signiﬁcantly (P £ 0.05) lower for
Table 3 Organic C (Corg), total N and C/N ratios of the differently
treated soils
Treatments Corg (g kg
)1) Total N (g kg
)1)C / N
Control 11.8 (0.5)a 1.48 (0.10)a 8.0 (0.7)ab
80 11.4 (0.5)a 1.40 (0.13)a 8.1 (0.8)abc
OWC 13.4 (0.6)bcd 1.68 (0.05)b 8.0 (0.5)abc
GC 14.2 (1.4)cd 1.60 (0.15)ab 8.9 (0.6)bc
MC 12.6 (0.6)ab 1.53 (0.10)ab 8.4 (0.3)abc
SSC 14.3 (1.2)d 1.58 (0.10)ab 9.1 (0.4)c
OWC + 80 12.3 (1.1)ab 1.65 (0.06)ab 7.4 (0.4)a
GC + 80 13.0 (0.8)abc 1.63 (0.05)ab 8.0 (0.3)ab
MC + 80 13.0 (0.6)abc 1.58 (0.10)ab 8.1 (0.8)abc
SSC + 80 14.2 (0.9)cd 1.60 (0.08)ab 8.6 (0.7)abc
Numbers in parentheses are standard deviations, n ¼ 4. Mean values
followed by the same letter are not signiﬁcantly different according
to Tukey’s (P £ 0.05) between different treatments. Nomenclature of
each treatment is explained in Materials and Methods: Experimental
design.
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signiﬁcantly (P £ 0.05) increased the qCO2 compared with
control and all other treatments.
Community level physiological proﬁles
Data analysis for CLPPs was performed with the 48-h read-
ings of the plate incubations. Catabolic diversity H was signi-
ﬁcantly (P £ 0.05) higher in all treated soils compared with
the control, while evenness E was not signiﬁcantly different
(P £ 0.05) among the treatments (Table 5). Apart from over-
all diversity H, diversity based on the utilization of the major
guilds of carbon sources like carboxylic acid (Hcarb), carbo-
hydrates (Hcarboh), and amino acids (Haa), was also calcula-
ted. Different guilds of carbon sources contributed varying
amounts to the overall diversity (Table 5). Amino acids were
in general utilized to a higher degree (P £ 0.05) by the com-
post, compost + N, and mineral fertilizer (80) soils com-
pared with the control. Carboxylic acids were utilized to a
signiﬁcantly (P £ 0.05) higher degree by compost and com-
post + N soils than by control and mineral fertilizer (80)
soils. Carbohydrate utilization was signiﬁcantly enhanced
(P £ 0.05) in compost + N and mineral fertilizer (80) amen-
ded soils compared with the control soil. Results for the
other groups of carbon sources were based on too few sub-
strates and thus are not shown.
PCR-DGGE analysis
The DGGE patterns displayed numerous bands, with about
20 bands common to all samples. DGGE patterns from four
replicates of each treatment showed a high similarity (simi-
larity coefﬁcient 95%, data not shown). Cluster analysis
based on Pearson’s similarity matrix for all treated soils,
Table 4 Microbial biomass (Cmic), basal res-
piration, Cmic/Corg and metabolic quotient
(qCO2) for the differently treated soils Treatments
Cmic
(lgCg
)1 soil)
Basal respiration
(lgC O 2–C g
)1 soil h
)1)
Cmic/Corg
(%)
qCO2 (mg CO2–C
g
)1 Cmic h
)1)
Control 123.9 (7.8)a 0.53 (0.09)b 1.05 (0.04)bc 4.3 (1.0)b
80 128.6 (8.2)abc 0.48 (0.13)a 1.13 (0.06)cd 3.7 (1.3)ab
OWC 134.0 (7.1)bcd 0.54 (0.06)b 1.00 (0.92)ab 4.1 (0.3)b
GC 136.3 (12.9)cd 0.57 (0.08)b 0.96 (0.05)ab 4.2 (0.2)b
MC 127.9 (7.0)abc 0.53 (0.04)b 1.02 (0.06)abc 4.1 (0.3)b
SSC 129.7 (8.1)abc 0.76 (0.07)d 0.91 (0.06)a 5.9 (0.5)d
OWC + 80 147.2 (7.2)e 0.57 (0.08)bc 1.20 (0.13)d 3.9 (0.4)b
GC + 80 141.2 (4.2)de 0.56 (0.10)b 1.09 (0.04)cd 4.0 (0.7)b
MC + 80 136.7 (6.0)cd 0.41 (0.09)a 1.05 (0.07)bc 3.0 (0.8)a
SSC + 80 135.8 (8.7)bcd 0.67 (0.08)cd 0.95 (0.06)ab 4.9 (0.5)c
Numbers in parentheses are standard deviations, n ¼ 4. Mean values followed by the same
letter are not signiﬁcantly different according to Tukey’s (P £ 0.05) between different treat-
ments. The nomenclature of each treatment is explained in Materials and Methods: Experi-
mental design.
Table 5 Effects of different treatments on
microbial functional diversity evaluated by
Shannon diversity index (H) and substrate
evenness (E) for community level physiolo-
gical proﬁles (CLPPs)
Treatments HE H carb Haa Hcarboh
Control 1.71 (0.01)a 0.92 (0.01)ab 1.20 (0.01)a 1.13 (0.03)a 1.12 (0.02)a
80 1.79 (0.02)bcde 0.92 (0.01)ab 1.20 (0.01)a 1.18 (0.02)b 1.24 (0.02)c
OWC 1.83 (0.03)ef 0.93 (0.01)bc 1.24 (0.01)b 1.17 (0.01)b 1.13 (0.03)a
GC 1.80 (0.02)cdef 0.93 (0.01)bc 1.24 (0.01)b 1.17 (0.01)b 1.13 (0.03)a
MC 1.78 (0.02)bcde 0.92 (0.01)ab 1.24 (0.01)b 1.17 (0.01)b 1.13 (0.03)a
SSC 1.82 (0.01)def 0.93 (0.01)bc 1.24 (0.01)b 1.17 (0.01)b 1.13 (0.03)a
OWC + 80 1.79 (0.01)bcde 0.93 (0.01)bc 1.24 (0.01)b 1.18 (0.01)b 1.21 (0.01)bc
GC + 80 1.80 (0.02)cdef 0.93 (0.01)bc 1.24 (0.01)b 1.18 (0.01)b 1.21 (0.01)bc
MC + 80 1.83 (0.01)f 0.93 (0.01)bc 1.24 (0.01)b 1.18 (0.01)b 1.21 (0.01)bc
SSC + 80 1.82 (0.02)def 0.92 (0.01)ab 1.24 (0.01)b 1.18 (0.01)b 1.21 (0.01)bc
No substrates 95 95 24 20 28
Mean values followed by the same letter are not signiﬁcantly different according to Tukey’s
(P £ 0.05) between different treatments. Shannon diversity indices for carboxylic acids, amino
acids and carbohydrates are Hcarb, Haa and Hcarboh, respectively. The nomenclature of each
treatment is explained in Materials and Methods: Experimental design.
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of the soils that had received compost + N, and the second
cluster was from compost, control and mineral fertilizer soils
(80).
Crop production
From the practical standpoint, the size and quality of crop
produced are the most important indicators of success of a
particular agricultural practice. Compared with the data for
80 kg of mineral N fertilization (100%), composts alone
resulted in lower yields, but composts + N resulted in higher
yields (Figure 2).
Discussion
Soil organic matter plays a major role in the development and
functioning of terrestrial ecosystems (Smith & Papendick,
1993). The increase in Corg after 12 years of compost applica-
tion has brought overall beneﬁts to soil quality. Compost
and compost + N soils showed higher Corg contents than
the control and mineral fertilizer (80) soils which may be
attributed to the direct effect of compost application. Previ-
ous long-term ﬁeld studies that have used comparable
organic amendments have shown similar effects. Zaman
et al. (2004) found a noticeable effect on Corg in plots treated
with sewage sludge compost in a 37-year ﬁeld experiment,
and Canali et al. (2004) observed an increase in soil Corg
content with dried poultry manure in a 6-year ﬁeld experi-
ment. In a 3-year ﬁeld experiment Madejon et al. (2003)
reported a noticeable effect on Corg in plots treated with
organic waste compost and agricultural compost (olive mill
wastewater sludge mixed with other agricultural wastes); Ros
et al. (2003b) also observed an increase in Corg in a 2-year
trial with organic waste compost.
The increase in total N in the compost and compost + N
amended soils is closely related to the build-up of organic
matter in the soil and may be attributed to the same effects
as the increase in Corg. Similar effects have been shown by
Mantovi et al. (2005) in a 12-year experiment with biosolids
and Zaman et al. (2004) in plots treated with sewage sludge
compost. According to Ayuso et al. (1996), this may be
attributed to a direct effect of organic N derived from the
composts which are only slowly mineralized in the soil after
the composting process (Castellanos & Pratt, 1981).
Microbial biomass is considered to be a better indicator of
soil fertility than Corg, as it responds more rapidly and more
sensitively to changes in soil management (Powlson et al.,
1987; Garcia et al., 2000). In general, a signiﬁcant (P £ 0.05)
increase in Cmic in compost and compost + N soils may be
due to the increased availability of substrate-C that stimu-
lates microbial growth, but a direct effect from microorgan-
isms added with the compost is also possible. Other authors
have reported a similar dual effect (Pascual et al., 1997;
Garcia et al., 1998; Stamatiadis et al., 1999; Garcia-Gil
et al., 2000; Ros et al., 2003a). In contrast to microbial bio-
mass, basal respiration is considered to reﬂect the availability
of C for microbial maintenance and is a measure of the basic
turnover rates in soil (Insam et al., 1991). Except for the spe-
ciﬁc effect of SSC and SSC + 80 which are discussed below,
no particular effects on basal respiration were observed.
The qCO2 was slightly higher in the compost soils when
compared with the compost + N soils. Increases in qCO2
are often considered to be connected with stress, either by
increasing the maintenance demands of the prevalent com-
munity, or by a change in the community structure. It is
assumed that the metabolic efﬁciency of a microbial commu-
nity is reﬂected in its speciﬁc respiration rate. The data
obtained in this study thus suggest that adding N together
100 50 10
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MC + 80 
SSC + 80 
GC + 80 
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Figure 1 Cluster analysis of the DGGE proﬁles of 16S rDNA from
whole bacterial community DNA extracted from differently treated
soils (scale indicates the percentage of similarity, based on Pearson’s
correlation coefﬁcient).
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Figure 2 Maize yield in the differently trea-
ted soils. (Maize yield obtained in mineral
fertilization plots with (80) representing
100% of crop production). The same letters
above bars indicate that yields are not signif-
icantly different according to Tukey’s
(P £ 0.05) between different treatments.
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(1997) attributed to increased efﬁciency of conversion of sub-
strate to biomass-C. In the case of compost without N, more
C has to be turned over to release enough N for microbial
growth. Also, seen from an energetic viewpoint, a shift in the
structure of microbial communities from r strategists, with
high growth rates and low substrate use efﬁciency, to K stra-
tegists is a possible explanation (Insam et al., 1996). For the
case of SSC and SSC + 80, the increased qCO2 suggests a
negative effect of sewage sludge, which may be the result of
heavy metal toxicity. Heavy metal contents of the SSC
(Table 1) were, with the exception of Pb, considerably higher
than those of the other composts (Horn et al., 2003). Such
effects have been described earlier by Fritze (1988),
Burkhardt et al. (1993) and Khan & Scullion (2002). How-
ever, despite the apparent effect on the qCO2, and elevated
heavy metal contents in the SSC, no signiﬁcant changes in
the soil heavy metal contents were found (Table 2).
Compost application is not only of consequence to waste
management, but it also decreases the required amount of
conventional fertilizer. In addition, it adds to the soil organic
matter pool, thus being beneﬁcial not only in terms of soil
sustainability, but also by acting as a means to reduce atmo-
spheric CO2. Data from the crop grown in compost and
compost + N soil showed higher yields from compost + N
than compost only soils. A synergy between compost and
mineral fertilizer has thus occurred. The ability of certain
water extractable humic substances in soil to enhance root
uptake of nitrate and ammonium through several mecha-
nisms has been discovered. Cacco et al. (2000) suggested that
humic substances are directly involved in switching on nitrate
transport genes in the root. Bidegain et al. (2000) proposed
that improved N and general nutrient uptake caused by
humic substances were merely secondary effects of improved
root development. Panuccio et al. (2001) suggested that
water extractable humic substances in a speciﬁc situation
stimulated only NHþ
4 uptake (not nitrate) while Pinton
et al. (1999) demonstrated an effect on membrane-bound
H
+-ATPases in the roots which enabled improved nitrate
uptake. Arthur et al. (2001) showed that compost contains
positively acting cytokinins derived from the breakdown of
DNA.
Community level physiological proﬁles are a rapid method
to differentiate soils by their capacity to consume different
carbon sources, an indication of the potential functional
diversity of the soil bacterial community (Bossio & Scow,
1995; Sharma et al., 1998). It must, however, be remembered
that the substrates of the Biolog plates do not represent the
composition of substrates present in the ﬁeld (Campbell
et al., 1997), and that the behaviour of bacteria in culture
may be quite different from that in soil.
Biolog GN microplates were developed speciﬁcally for the
identiﬁcation of Gram negative bacteria and contain identiﬁ-
able C sources. The selection of C sources is biased towards
simple carbohydrates (Zak et al., 1994) and these C sources
select for fast growing r-selected species (Campbell et al.,
1997). Despite these constraints, CLPP was able to discrimin-
ate between communities of differently treated soils; around
75% of papers reporting community analysis by Biolog
plates over the last 10 years have used GN plates (Preston-
Mafham et al., 2002). The Shannon diversity index (H) was
signiﬁcantly (P £ 0.05) higher for all treated soils when com-
pared with the control suggesting that in the latter there was
a signiﬁcant reduction in the catabolic potential because of
lack of substrates, or that the microorganisms from these
soils were less adapted to the nutrient-rich conditions of the
cultivation medium. The results are in agreement with those
of Niemi et al. (1996) who reported that the number of C
sources used increased with increasing soil carbon content.
The lack of signiﬁcant (P £ 0.05) differences for evenness (E)
indicated that the uniformity of activities across all substrates
was the same for all soils. The diversity calculated for guilds
of C sources suggested that some guilds, e.g. Hcarb, are par-
ticularly responsive to compost amendment. The diversity of
carbohydrate utilization was much higher on compost + N
and (80) than on compost and control plots, suggesting that
the response is related to N supply. No such N-related effect
was found for diversity of amino acid utilization (Haa). The
data thus indicate that overall diversity might remain unaf-
fected by treatments while on a more speciﬁc level such
effects may occur.
The analysis of DGGE banding patterns is a powerful and
relatively easy way of comparing the most abundant species
of different communities, but less abundant species are often
overlooked (Muyzer et al., 1993). The DGGE ﬁngerprints
presented here indicate that the dominant groups are relat-
ively stable throughout the treatments. The weak bands are
more difﬁcult to analyse as the background hinders the accu-
rate analysis of these bands. However, these weak bands rep-
resenting minor, but speciﬁc groups of organisms were the
main factors causing the dissimilarity (Duineveld et al.,
1998). Any differences between the compost + N soils and
compost, control and mineral (80) soils, can be attributed to
the weaker and less abundant bands. This is supported by
the fact that for these soils, when primers targeting ammonia
oxidizing bacteria (AOB) were used (Innerebner et al., 2005),
signiﬁcant differences among the treatments were found,
both qualitatively and quantitatively. Ammonia oxidizers
make up <1% of the community.
In general, compost, control and mineral (80) soils showed
75% community similarity and compost + N treatments
85% similarity, indicating that the combined application of
mineral N with compost most profoundly affects the soil
microbiota. The different composts had a comparatively
small impact, supporting the ﬁndings of Crecchio et al.
(2001) and Gray et al. (2003) who did not ﬁnd differences in
the communities of soils amended with urban wastes and
sewage sludge compost. It is possible that after 12 years of
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nity inherent to the different composts is irrelevant for the
composition of the soil microbial community when investi-
gated at the resolution level as used in this study. Particular
environmental conditions including crop type might limit
direct compost effects (Girvan et al., 2003). Felske &
Akkermans (1998) showed a spatial homogeneity in soil over
distances of several hundred metres in Dutch meadows by 16S
rRNA and rDNA ﬁngerprinting, again indicating factors of
inﬂuence such as spatial variability rather than organic input.
In summary, the long-term application of compost posi-
tively affected bulk soil chemical and biological parameters.
In particular, the combination of mineral N and compost
exerted the most pronounced effects – higher microbial bio-
mass, lower qCO2, lower C/N ratio, higher Cmic/Corg ratio
(pointing towards continued increase in soil organic matter)
and a higher crop yield. Based on DGGE analysis, the com-
bined application of composts + N had the strongest effect,
while little difference among the composts was found. An
exception was the increased qCO2 on the SSC plots, indicat-
ive of heavy metal toxicity. This paper stresses the need for a
multi-parameter approach to investigate soil management
effects. In essence, the use of composts in combination with
mineral fertilizers brings beneﬁts in terms of agricultural
yield, soil protection, biodiversity, waste management and
soil C sequestration.
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